lysosomal enzymes are released and break down the intercellular matrix (Dingle et al, 1966) .
This discussion should suffice to show that lysosomes play an important part in cellular pathology. In some cases, e.g, toxicity of silica, there is very little doubt that lysosomal changes precede those in other systems. With others the situation is more uncertain. Other interesting cellular responses may follow labilisation of lysosomes: we have elsewhere summarised reasons for supposing that lysosomes are involved in the transformation and induced mitosis of lymphocytes (Allison and Mallucci, 1964) and malignancy (Allison, 1966) . These suggestions are necessarily speculative, but they provide a framework on which experimental observations can be hung. In general, the recognition of Iysosomes and their properties has stimulated a great deal of work in cellular pathology and biochemistry, of which the examples discussed represent only a small selection.
Since its introduction by James and Martin (1952) , gas chromatography has become widely recognised as the most effective single technique for the analysis of biological materials. Although primarily a technique of separation, gas chromatography is capable of yielding substantial structural information, and is especially valuable for microgram quantities.
Complete identification is best achieved by combining independent chemical and physical data. One of the few methods suitable for characterising samples of the order of one microgram is mass spectrometry.
Mass spectra are in general highly definitive of structure.
Gas chromatography-mass spectrometry. It is therefore logical to combine the separating power of gas chromatography with the characterisation achievable with mass spectrometry. This can be done either by collecting the separated samples for subsequent mass spectrometry, or by allowing them to flow directly from the gas chromatograph to the mass spectrometer. Condensation and transfer of samples requires time and skill and is not feasible with labile substances. Moreover, the mass spectra eventually obtained reflect only the average composition of the effluent during the time of collection. Continuous introduction of the effluent into the mass spectrometer has many advantages. Most important is the close correlation which can be made between the mass spectrum and the retention time of the compound being examined: the correspondence is practically instantaneous since the mass spectral scan times are commonly of the order of 1/10 sec. Thus a sequence of scans during the elution of a peak can provide unique evidence of homogeneity and identity. This matching of complementary data is particularly important for certain isomers which afford closely similar mass spectra-for example, 20n and 20~hydroxy-steroids. It also finds application to the characterisation ofderivatives used in gas chromatographic analysis. Many of these are too labile to be isolated from the gas phase and the structures, tentatively inferred from retention data, are established by mass spectral evidence.
The principal technical problems to be overcome in the determination of mass spectra of gas chromatographic effluents are the provision of a satisfactory fast-scanning mass spectrometer and the removal of much of the carrier gas which would otherwise give rise to excessive pressure in the spectrometer. The first problem has been solved by the instrument manufacturers. Concentration of the sample relative to carrier gas may be achieved by methods depending on more rapid diffusibility of helium as compared with most organic compounds. : Stenhagen, 1964 : Watson and Biemann, 1964 . A suitable separator is interposed between the gas chromatograph and the inlet to the mass spectrometer.
General procedure. Samples are prepared as for conventional gas chromatography, except that particular derivatives may be used to direct mass spectral fragmentation and assist interpretation. The sample is injected and (after passage of the solvent) the effluent enters the mass spectrometer via the molecular separator, in which the pressure is reduced to 1O-6mm. Hg. The components are ionised by electron impact, and positive ions are focused and accelerated through the analyser tube in the usual way. A fraction (10%) of the ions is collected to provide a 'total ionisation chromatogram,' indicating the points at which mass spectra should be measured. Spectra are scanned as required during the chromatogram. For molecules of mass above 300 it is sometimes difficult to assign precisely the mass numbers of the larger ions: use is then made of a reference compound (conveniently a fluorocarbon) which provides a mass spectrum in which many prominent peaks are defined.
Refinements of technique have been outlined by Leemans and McCloskey (1966) . Information derived from gas chromatographymass spectrometry. The mass spectral and retention data are considered in conjunction. The mass spectra may confirm suspected identities; they may disclose the inhomogeneity of an apparently symmetrical peak; and they may provide, for unknown components, structural information ranging from the molecular weight to a complete identification. A mass spectrum may be treated as a 'fingerprint,' almost uniquely characteristic for each compound: correspondence of retention time and mass spectrum with those of a reference sample normally signifies identity. The mass spectral data also constitute direct information as to the molecular weight and the masses of fragment ions, from which structural features can be deduced. Where the molecular weight is required derivatives which stabilise the molecular io( corresponding to the loss of one electron) are of value. Derivatives which promote specific modes of fragmentation find increasing application in the elucidation of structural and stereochemical details.
Application to biological materials. The application of gas chromatography-mass spectrometry to biological materials has developed mainly since the introduction of the devices for preferential removal of carrier gas. These have permitted the study of molecules in the higher mass range (up to about 1,000). Examples from the lipid field include the analyses of frecal sterols (Eneroth, Hellstrom and Ryhage, 1964) , and of minor steroids of serum (Sjovall and Vihko, 1965) . Two recent applications are briefly discussed.
Studies of minor lipids of human atheromatous
plaques. . Lipid material from plaques, dissected from a single aorta, has been fractionated by chromatographic methods. Examination of the hydrocarbon fraction by gas chromatography-mass spectrometry indicated that a major component was squalene, not previously detected in aortal or plaque tissue. Examination of the sterol fraction disclosed, after removal of most of the cholesterol, two more polar sterols. Preliminary gas chromatography of the mixture showed that these were respectively a hydroxysterol and a ketonicsterol, Gas chromatography-mass spectrometry of the mixture of trimethylsilyl ethers indicated the presence of the I:>. 6-3-hydroxysteroid group, and the compounds were identified by direct comparison as 26-hydroxycholesterol and 7-ketocholesteroJ.
Studies of steroids excreted by newborn infants.
The urinary steroids of infants differ markedly from those of adults (Cathro, Birchall, Mitchell and Forsyth, 1965) . The presence of many unusual steroids has restricted attempts to identify the constituents by chromatographic methods. Application of gas chromatographymass spectrometry to relatively crude urine extracts has g!ven promising results (Gardiner, Brooks, Horning and Hill, 1966) . In addition to the steroids already reported as typical neonatal metabolites, several other major constituents have been tentatively identified. Steroids containing the~1l-3-hydroxy group, when converted to their trimethylsilyl ethers, give rise to a characteristic fragment of mass 129, resulting from cleavage of ring A. The majority of the steroids of neonatal urine are of this type. Individual steroids may be isolated by thin layer chromatography for further characterisation.
